Abstract: Problem statement: Human skin is a large (~ 1.75 m 2 ) organ containing a large number of ecologically distinct sites. These sites harbor a variety of distinct microbiomes. One challenge is to define the microbiome at every site. We chose two interesting sites: the base of the Front of the neck and the base of the Back of the neck (the nape) and enrolled forty volunteers. These two sites are interesting because the bacteria therein must interact with the skin and its microbiome and with clothing and hair and the external environment. Approach: The volunteers took their own neck swabs. Total DNA was prepared from each swab. That DNA was employed as a template in separate PCR reactions to amplify the V6 and V3 regions of the 16S ribosomal RNA gene. The V6 and V3 regions were pyrosequenced using Roche 454 Life Sciences technology. To identify the bacteria, the sequences were compared to the data in the Ribosomal Database Project. Results: From the sequences of the V6 region, it was found that all of the swabs contained at least 1% of the reads as Actinobacteria and Gammaproteobacteria. The substantial majority of the swabs contained at least 1% of the reads as Alphaproteobacteria, Bacilli and Betaproteobacteria. About half of the swabs contained at least 1% of the reads as Flavobacteria and Sphingobacteria. A few swabs contained Clostridia or Cyanobacteria at least at the 1% level. The Class of Gammaproteobacteria was supported by the most reads for 94% of the swabs. Conclusion: As a measure of bacterial diversity, the Shannon Diversity Index was computed from the V6 data for each swab and considered as a function of the number of reads. The Front and Back curves were indistinguishable. To determine how close the data were to saturation, the Chao1 curves for the Front and Back swabs were constructed. The two curves were indistinguishable. Neither curve appeared close to saturation.
INTRODUCTION
Adult human skin is a large organ (~ 1.75 m 2 ) with many important functions (Percival et al., 2011) . The skin is composed of very many distinguishable ecological niches. Each niche could harbor its own distinct microbiome, which may depend, at least in part, on clothing and personal hygiene. These may change with the seasons. Therefore, a complete description of the adult human skin microbiome, in health and in disease, may require following very many skin sites on very many people as a function of time. An excellent start has been made in defining the human skin microbiome (for recent reviews, see Grice and Segre, 2011; Kong, 2011) .
Given the limits on time and money that exist in the real world, there is a choice between investigating many sites on a few people (e.g., twenty sites on ten people; Grice et al., 2009 ) or a few sites on many people (e.g., two sites on fifty-one people; Fierer et al., 2008) . We have opted for the latter and identified the skin microbiome at two sites: the base of the Front of the neck and the base of the Back of the neck (the nape) on forty volunteers. These two sites are interesting because the bacteria therein must interact with the skin and its microbiome and with clothing and hair and the external environment.
MATERIALS AND METHODS
Human subjects: The Stanford University Institutional Review Board approved this study of skin microbes. In total, forty volunteers were recruited (Table 1 ). All forty gave written informed consent. The volunteers ranged in age from 19-85 years. Those volunteers who took antibiotics at any time during the previous three months or had a significant underlying medical condition were ineligible to volunteer for this study. Neck swab procedure: The volunteers were not asked to forgo washing their necks or any other part of their routine procedures (e.g., using perfume or an after-shave lotion). Therefore, the determination of neck skin bacteria was under real life conditions. The skin swabs were collected primarily during the month of February, 2010. The volunteers took their own neck swabs. Each volunteer was provided with sterile gloves and two sterile, individually wrapped plastic disposable inoculating loops (1 µl; Fisher Scientific, 13-075-1). Where appropriate, each volunteer used one gloved hand to move her/his hair and/or clothing aside. The other gloved hand held the sterile loop. One loop was touched to the base of the Front of the neck (overlaying the suprasternal notch) and gently rubbed in a small circle. The loop was placed in a Nalgene cryogenic vial (Thermo Scientific Nalgene) and a sterile scissor was employed to cut the loop into the vial. The vial was immediately placed in a -70°C freezer. The second sterile loop was touched to the base of the Back of the neck (overlaying the posterior cervical vertebrae) and gently rubbed in a small circle and so forth. The loops remained frozen at -70°C until use.
From neck swab to total DNA: Total DNA was isolated individually from each neck swab employing a Qiagen DNeasy Blood and Tissue Kit, as described by the manufacturer. The final product was dialyzed and concentrated by the use of Amicon Ultra Centrifugal Filters (0.5 mL, Ultracel 100k, Millipore Corp.), as directed by the manufacturer. There were 18-22 µL of total DNA per swab after purification. Dethlefsen et al., 2008) .
PCR
Analogously, for V3, the forward primer was 5'-CGTATCGCCTCCCTCGCGCCATCAG[BAR]AC TCCTACGGGAGGCAGCAG-3', where, the nucleotides in italic capitals corresponded to positions 338-357 of the rDNA (E. coli numbering; Dethlefsen et al., 2008) . The reverse primer was 5'-CTATGCGCCTTGCCAGCCCGCTCAG[BAR]TT ACCGCGGCTGCTGGCAC-3′, where the nucleotides in italic capitals corresponded to positions 533-515 of the rDNA (E. coli numbering; Dethlefsen et al., 2008) .
The detailed amplification primer designs are freely available at http://med.stanford.edu/sgtc/bacteria_human_skin.html. These oligonucleotides were purchased as PAGEpurified from Integrated DNA Technologies.
The unique seven or eight base oligonucleotide barcodes (manuscript in preparation) were designed to maximize the difference in base sequence between any two barcodes so that the possibility of mis-assignment caused by synthesis and/or sequencing errors was minimized. Any two barcodes differ in more than two positions. No barcode has a 5' guanine, as the 3' base of the sequencing adaptor is a guanine. No barcode has consecutive identical bases.
Amplification of the V6 and V3 regions was achieved separately with an AmpliTaq Gold DNA Polymerase Kit (Applied Biosystems, Life Sciences). The template composed 2 µL of each 50 µL reaction. Five identical reactions were run in parallel for each template. The PCR conditions were, as follows (Hyman et al., 2005) Following amplification, the five identical reactions for each template were pooled. The V6 or V3 DNA was purified by electrophoresis through a 3% NuSieve 3:1 agarose gel (Lonza Group). Electrophoresis conditions were 100 V for 1.3 h.
Following electrophoresis, the V6 or V3 band was excised from the gel and purified by use of a QIAquick Gel Extraction Kit (Qiagen). The final product was dialyzed and concentrated by the use of Amicon Ultra Centrifugal Filters (0.5 mL, Ultracel 100k, Millipore Corp.). Gel-purified amplicons were quantitated by fluorometry using the Quant-iT PicoGreen dsDNA Assay Kit (Invitrogen, Life Sciences). The assay was carried out in duplicate for each purified amplicon and standard. The concentration of each amplicon was calculated by comparison to the standard curve.
Pyrosequencing (Roche 454 Life Sciences): Two barcodes were assigned to each volunteer: one for V6 and the other for V3. In turn, that meant that the Front and Back V6 and V3 products for each volunteer shared a barcode and, therefore, could not be pooled before pyrosequencing. Instead, two pools were constructed: one of all Front DNAs and another of all Back DNAs. Each DNA was present at a concentration of 10 9 molecules per µl. Library quality assessment was performed using an Agilent 2100 Bioanalyser (Agilent Technologies) on a DNA 1000 LabChip (Agilent Technologies). Those libraries that had the correct concentrations of amplicons and did not exhibit a primer dimer peak were selected for pyrosequencing.
Emulsion titrations were carried out for each library based on the recommended molecules of library DNA per emulsion-based clonal amplification process (emPCR) bead for using the GS FLX Titanium Lib-A SV Kit from both the A and B ends (454 Life Sciences). Thereby, the amount of each library to be used in emPCR amplification was determined. The scaled-up emPCR was performed using a GS FLX Titanium Lib-A MV Kit (454 Life Sciences) for each library. A Coulter Particle Counter (model Z1, Beckman Coulter, Inc.,) was employed to quantitate the amplified DNA beads obtained from the emPCR amplification reactions. Two million DNA beads from Back and Front were loaded onto regions one and two of a PicoTiterPlate (454 Life Sciences), respectively. The sequencing run was performed using a GS FLX Titanium Kit with two regions (454 Life Sciences).
Processing the pyrosequence reads. For V6 and V3 and for each region (corresponding to the Front and the Back of the base of the neck), the sequence reads were sorted by barcode and, thereby, assigned to a volunteer. The pyrosequencing reads were stripped of (i) the 5' Titanium primer sequences, (ii) the 3' gene-specific amplification primer sequences, (iii) the sequence adaptor sequences and, finally, (iv) the barcode sequences. A data set was created that consisted of each unique sequence obtained for that sample and the number of times that sequence was represented in the sample.
To identify the bacteria corresponding to the Front and Back of the neck for each volunteer, the "CLASSIFIER" software in the "PYROSEQUENCING" section of the Ribosomal Database Project (RDP; Cole et al., 2009 ) was employed. Only reads that could be classified were considered further. In all cases, the software identified the bacteria by Class. A very few reads in some sets were identified not by Class but by genus: e.g., TM7. In these cases, the reads were subsumed into Class. For the V6 data only, in 26 cases, the software also identified the bacteria by Order. Actinobacteria were divided into Subclasses rather than Order. These were subsumed into Order.
Analyses:
The Shannon Diversity Index (SDI) was calculated for the microbiome of each neck swab (http://math.hws.edu/javamath/ryan/DiversityTest.html) Chao1, Principal Component and SDI analyses employed the QIIME software (Caporaso et al., 2010) with UniFrac distances (Lozupone et al., 2011) .
RESULTS AND DISCUSSION
From the 40 volunteers, there were 80 neck swabs (40 from the Front of the base of the neck; 40 from the Back of the base of the neck; Table 1 ). Bacteria were identified by 454 Tag pyrosequencing of two short regions (V6 and V3) of rDNA . We had swab DNA sufficient for only one attempt at amplifying V6 and V3 from each clinical sample. For V6, both swabs for volunteer 04 and the Back swab for volunteer 20 failed to produce any data. Therefore, the following results are derived from the V6 data for 77 swabs.
The bacteria on all 77 swabs were classified into Class. The microbes on 26 swabs (one-third of the total) were classified further into Order. Presumably, our data and the RDP software were the sole determinants for which samples the bacteria could be identified by Order. The raw data are freely available at http://med.stanford.edu/sgtc/bacteria_human_skin.html. The V6 bacterial identifications for all 77 swabs are presented in Table 2A (Class) and 3 (Order), listing only those bacteria supported by, at least, 1% of the reads.
The parameters for the V6 Class data are shown in Table 4A . There was a total of 166,051 reads for V6 Front (V6F; n = 39) and 119,042 reads for V6 Back (V6B; n = 38). The average number of reads per swab was 4257 +/-2138 for V6F and 3132 +/-1382 for V6B. By the two-sided t-test, these two numbers were statistically significantly different (p = 0.0078). A difference was not surprising as the two sets of swabs were sequenced separately (Materials and Methods). The average total percent of those bacteria comprising at least 1% of the reads was 98.3 +/-1.0% for V6F and 98.7 +/-0.7% for V6B. These two numbers were on the border of being statistically significantly different (p = 0.046). The very high average percentages demonstrated that nearly all of the bacteria on each swab were accounted for when the focus was on only those bacteria that comprise, at least, 1% of the reads for each swab.
Pyrosequencing produced a total of 285,093 classified reads for V6 (Table 4A ). To estimate how close the data were to saturation, Chao1 analyses were performed. The results for both Front and Back swabs are shown in Fig. 1 . The curves for the Front and Back swabs were indistinguishable. Neither curve appeared close to saturation.
The sums of the V6 skin bacterial identifications are presented in Table 5 . For Class (Table 5A ), all 77 of the swabs contained, at least, 1% of the reads as Actinobacteria and Gammaproteobacteria. The substantial majority of the swabs contained, at least, 1% of the reads as Alphaproteobacteria, Bacilli and Betaproteobacteria. About half of the swabs contained, at least, 1% of the reads as Flavobacteria and Sphingobacteria. A few swabs contained Clostridia or Cyanobacteria, at least at the 1% level (Table 5A) . (Flavobacteria, Sphingobacteria, Clostridia and Cyanobacteria were present on many more swabs, but were supported by less than 1% of the reads on those swabs.) The Class of Gammaproteobacteria was supported by the most reads for 72 of 77 swabs (94% , Table 2A ). For the remaining five swabs, the Class of Actinobacteria was supported by the most reads on three. The Class of Bacilli was supported by the most reads on two.
The average percentages of V6 reads supporting the three most abundant bacterial Classes (Actinobacteria, Bacilli, Gammaproteobacteria) are shown in Table 6A . The ranges of percentages for the Actinobacteria, Bacilli and Gammaproteobacteria reads were very large. For the Front swabs, the ranges were as follows: Actinobacteria, 2.2 to 49.3%; Bacilli, 0.4-44.8%; and Gammaproteobacteria 30.0-97.4%. For the Back swabs, the ranges were Actinobacteria, 1.9-45.5%; Bacilli, 0.7-39.8%; Gammaproteobacteria, 20.3-85.7%. None of the comparisons of these averages yielded a statistically significant difference: Front could not be distinguished from Back; males could not be distinguished from females (Table 6A and data not shown). As one example, the average percent (65.7 +/-16.7%; n = 39) of Gammaproteobacteria on the V6 Front swabs was not statistically significantly different from the average percent (65.3 +/-13.6%; n = 38) of Gammaproteobacteria on the V6 Back swabs (p = 0.91).
In comparing the bacteria on the Front and Back swabs for each individual, the first focus was on the bacterium supported by the most V6 reads. For five volunteers, the Front and Back swabs had a different principal bacterium (volunteers 27, 29, 30, 35, 37 ; Table 2A ). For example, for volunteer 37, the Class of bacteria supported by the most V6 reads (39.7%) on the Front swab was Actinobacteria while the bacterial Class supported by the most V6 reads (57.9%) on the Back swab was Gammaproteobacteria. In addition, for volunteer 18's Front and Back swabs, the number of reads supporting two major Classes of bacteria were different: Actinobacteria, 4.7% Front, 31.5% Back; Bacilli, 44.8% Front, 14.7% Back (Table 2A) . Thus, for these six volunteers (6/38 = 16%), the bacterial mix was different on the Front of the base of the neck compared to the Back of the base of the neck. For volunteer 19's swabs, the read support for two bacteria differed by more than an absolute 20%: Actinobacteria, 6.3% Front, 38.3% Back; Gammaproteobacteria, 82.0% Front, 51.8% Back (Table 2A) . For an additional nine volunteers (01, 05, 10, 12, 16, 23, 24, 32, 40) , the number of reads supporting the most abundant Class of bacteria on the Front swab was, at least, an absolute 10% different from the bacterial Class supported by the most reads on the Back swab (Table 2A) . For example, for volunteer 40, the Class of Gammaproteobacteria on the Front swab was supported by 66.4% of the reads, while the Class of Gammaproteobacteria on the Back swab was supported by 50.1% of the reads. The results of Principal Component analyses are shown in Fig. 2 . No obvious grouping occurred on the basis of gender (female/male) or location (Front/Back).
The diversity of the bacteria on the swabs was considered. The average number of bacteria by Class on the Front swabs was 13.1 +/-2.0 (n = 39; Table 2A ). The average number of bacteria on the Back swabs was 12.0 +/-2.0 (n = 38; Table 2A ). The bacterial diversity within each swab was examined by computing the Shannon Diversity Index (SDI) for each swab (Table  1) . For the Class data, the average SDI for the Front swabs was 2.20 +/-0.35 (n = 39) and the Back swabs 2.06 +/-0.41 (n = 38). The SDI was considered as a function of the number of reads (Fig. 3) . The Front and Back curves were indistinguishable. For the V6 Order data, there was a total of 21,012 reads for V6F (n = 8) and 28,911 reads for V6B (n = 18). The average number of reads per swab was 2626 +/-1262 for V6F and 1606 +/-815 for V6B (Table 3) . By the two-sided t-test, these two numbers were statistically significantly different (p = 0.020). The average total percent of those bacteria comprising at least 1% of the reads was 95.0+/-1.0 for V6F and 95.6 +/-1.2 for V6B. These two numbers were not significantly different (p = 0.23). The average numbers of reads per swab were statistically significantly lower in Order as compared to Class (V6F, p = 0.044; V6B, p<0.00001). The average total percentage of reads identifying bacteria supported by, at least, 1% of the reads was also statistically significantly lower in Order as compared to Class (V6F and V6B, p<0.00001). Obviously, one of the reasons for these results was that there are multiple Orders in each Class, thus distributing the reads into more categories.
The sums of the V6 skin microbe Order identifications are presented in Table 5B . All 26 swabs contained at least 1% of the reads as Actinobacteridae and Enterobacteriales. Bacillales were present on all Front swabs and on all but one (94%) of the Back swabs.
Alteromonadales, Burkholderiales and Chromatiales appeared on a majority of swabs. There were many other bacterial Orders that appeared on fewer swabs (Table 3 and 5B). The Order Enterobacteriales (a member of the of Gammaproteobacteria Class) was supported by the most reads for 15 of 26 swabs (58% , Table 5B ). For the remaining eleven swabs, Actinobacteridae (a member of the Actinobacteria Class) was supported by the most reads on eight swabs (31%). Bacillales (a member of the Bacilli Class) was supported by the most reads on three swabs (12%).
The average percent of reads supporting the three most abundant bacterial Orders (Actinobacteridae, Bacillales, Enterobacteriales) is shown in Table 5B . The average percent (41.5 +/-19.3%; n = 8) of Enterobacteriales on the Front swabs was not statistically significantly different from the average percent (43.8 +/-13.6%; n = 18) of Enterobacteriales on the Back swabs (p = 0.73). Further comparisons were compromised by the fact that there was only one Front swab from a female. Nevertheless, none of the comparisons that could be made yielded a statistically significantly difference.
Unfortunately, for V3, only 17 swabs produced data (Table 2B ). The data identify bacterial Class only. There are three Front plus Back pairs (swabs 32, 36 and 40), six solo Front swabs and five solo Back swabs (Table 2B) . The most important point is that the V3 data identified the same nine Classes of bacteria already seen from the V6 data. All swabs contained, at least, 1% of the V3 reads as Actinobacteria, Bacilli and Gammaproteobacteria. The majority of the swabs contained, at least, 1% of the V3 reads as Betaproteobacteria and Flavobacteria. A few swabs contained Alphaproteobacteria, Clostridia, Cyanobacteria, or Sphingobacteria, at least at the 1% level (Table 2B ). In general, the percent of reads supporting the presence of each bacterium was different for V3 and V6. This result was expected. The number of bases comprising V3 and V6 are quite different. It has already been established that the length of the amplicon strongly influences the number of reads (Huber et al., 2009) .
CONCLUSION
Following published classifications (Grice and Segre, 2011; Kong, 2011) , the two human skin sites studied herein are "dry" sites. The previously studied location physically closest to the Front of the base of the neck is the manubrium (upper chest), where the microbiome is composed, nearly entirely, of Actinobacteria (Costello et al., 2009; Grice et al., 2008; Grice et al., 2009) . Actinobacteria comprise less than 20%, on average, of the microbiome on the Front of the base of the neck. Despite the geographical closeness, the two microbiomes are distinct. The physically closest studied location to the Back of the base of the neck (nape) is the occiput (back scalp). The occiput microbiome is composed principally of Firmicutes (majority bacteria) and Actinobacteria (minority bacteria) (Costello et al., 2009; Grice et al., 2008; . The Firmicutes are principally Staphylococcaceae (nearly half the total) and Proteobacteria. The nape microbiome is composed of Firmicutes (principally Gammaproteobacteria) with some Actinobacteria. These comparisons again make the point that niches separated by a small physical distance may, nevertheless, harbor distinct microbiomes.
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